The participants in the Eriksholm Workshop on "M easuring Outcomes in Audiological Rehabilitation Using Hearing Aids" debated three issues that are reported in this article. First, it was agreed that the characteristics of an optimal outcome measure vary as a function of the purpose of the measurement. Potential characteristics of outcome self-report tools for four common goals of outcome measurement are briefly presented to illustrate this point. Second, 10 important research priorities in outcome measurement were identified and ranked. They are presented with brief discussion of the top five. Third, the concept of generating a brief universally applicable outcome measure was endorsed. This brief data set is intended to supplement existing outcome measures and to promote data combination and comparison across different social, cultural, and health-care delivery systems. A set of seven core items is proposed for further study.
How do the optimal characteristics of outcome measures vary as a function of measurement goals?
2. What are the most urgent research needs in outcome measurement for audiological rehabilitation?
3. Should there be a small set of core outcome items that could supplement existing measures to promote data comparison across different contexts?
This article reports the results of these discussions.
Optimizing Outcome Measures
To what extent do the optimal characteristics of outcome measurement vary depending on the purpose of the measurement? To explore this matter, workshop participants deliberated the desirable qualities of an outcome measurement tool for four different but common applications of outcome data. Two to four participants decided how to meet each goal and then presented their plan to the group. Not surprisingly, there was not unanimous agreement on the most preferred characteristics of any type of outcome measure. Nevertheless, it was possible to gain reasonable consensus approval for most of the principles reported here. On occasion, there were strong but irreconcilable views held by participants. These are reported under "Further considerations and other opinions."
http://ovidsp.tx.ovid.com/sp-3.12.0b/ovidweb.cgi 2/12
Goal 1: To Assess the Rehabilitative Outcomes for an Individual Hearing-Impaired Person
This application focuses on determining outcomes for a particular client within a clinical setting. For the purposes of this discussion, it was decided to define a measure that would be applicable to adult, noninstitutionalized hearing aid wearers who have hearing loss within the mild to severe range. It is intended to be suitable for use with the vast majority of elderly first-time hearing aid wearers and, with some adjustments in interpretation, with experienced wearers.
General Recommendations
The measure should be designed to facilitate assessing the client's needs and preferences; planning the rehabilitation treatment; deciding when the rehabilitation program should be concluded; and evaluating the success of the program, in terms of the daily life consequences for the client and family.
Because the measure should enhance, as well as simply assess, the quality of the rehabilitative outcome, it can be valuable for this type of outcome measure to be administered and interpreted by the clinician providing the rehabilitative services. In this way, information obtained during the measurement process can be used to improve planning and treatment.
The measure should primarily be based on individualized self-report, in which the nature of the assessment items or listening situations is determined by each client, rather than being standardized across clients. The optimal measure will assess benefit in terms of both disability (activity limitation) and handicap (participation restriction) reduction and will also include an assessment of satisfaction. In addition, considerable importance is placed on the application of a parallel measure designed to determine the outcomes of the rehabilitation program from the point of view of others in the client's life. This is addressed by soliciting self-report from a significant other person (SO) accompanying the client.
Illustration/Example
This type of measure could be accomplished using a brief two-part inventory composed of 1) a version of the Client Oriented Scale of Improvement (COSI) (Dillon & Ginis, 1997) modified to specifically address issues of disability (activity limitation) and handicap (participation restriction), and 2) an overall item to assess satisfaction.
For example, at the initial interview, the client might be asked to:
"Tell me about the problems your hearing is causing you that you would like to solve."
Experience with the COSI indicates that this question predominantly elicits reports of disabilities. The clinician's task is to write down the problems mentioned by the client. If the client mentions general situations, such "I have trouble hearing people in noisy places," the clinician should ask for a specific example that is particularly important to the client. After each item is recorded, the clinician should ask whether there are any other problems that the client would like to solve. Three to five items should preferably be identified, although the method can be used with a fewer or greater number of items. Decreased accuracy of the overall assessment is likely with fewer items.
Following identification of disabilities, the issue of handicaps might be approached with a question such as:
"Have these problems with your hearing caused you to change the things you do or the way you do them?"
If possible, this should be explored for the identified disabilities and in general. Also, the clinician should be aware that some handicapping conditions such as psychological effects are not directly related to activity limitation and, so, must be explored independently of disabilities. That is, the client might be queried as to levels and kinds of emotional distress experienced as a result of their hearing problems.
Next, if the client is accompanied by an SO, the clinician might ask the SO:
" The SO's responses should also be refined, if necessary, so that specific examples from daily life are elicited.
In addition to providing the framework for outcome assessment at the conclusion of the rehabilitation program, this information obtained at the pretreatment interview can be used to assess the apparent motivation of the client to obtain rehabilitation; it can also serve to check any divergence between the level of the measured hearing impairment (i.e., the audiogram) and the level of disability implied by the stated needs of the client; as well as any divergence between the level of disability or handicap stated by the client relative to that stated by the SO. These issues are helpful in designing a rehabilitation program.
Outcome assessment occurs first at the final appointment, when the clinician tentatively believes the rehabilitation program should be concluded. Outcome assessment of longer-term changes should rely on followup at some time after the conclusion of services (e.g., 3 to 6 mo later). For each of the previously identified disabilities and handicaps, and at each data collection point, the client is asked the following questions:
" The SO is asked the same questions, appropriately modified to address the concerns that he/she had expressed at the initial interview. 
Further Considerations and Other Opinions
This approach to outcome measurement does not require that data obtained from different clients be cumulated or compared. The focus here is on planning for the individual, though as we will see in the next section, individual-level data can be used to describe clinical effectiveness. Quantification and cumulation of personalized data is possible, as described by Dillon, Birtles, and Lovegrove (1999) . Although such quantification does not separate better-than-average from average performance very successfully, it is quite well suited to identifying individuals who are receiving less-than-average improvements.
We have suggested for pragmatic reasons that this type of outcome data be collected by the clinician that is responsible for providing rehabilitative services. However, there is the potential that the client's responses will be influenced by the lack of anonymity in this procedure. For this reason, some professionals might argue that the worth of an intervention should be assessed independently of the service provider to encourage candid feedback from the client. This approach would require an entirely different type of outcome measure from the one described here and it would have the disadvantage that the data could not be used to promote the rehabilitative outcome for this particular client.
Goal 2: To Assess the Effectiveness of the Services Provided by a Particular Clinical Unit or Agency
This type of measure may be used by clinics for audit purposes and also by service purchasers to evaluate the effectiveness of particular service providers. The interventions assessed would include all aspects of audiological rehabilitation including hearing aids and cochlear implants as well as noninstrumental rehabilitation and assistive devices (environmental aids). What is being assessed is the effectiveness of the intervention rather than its efficiency (cost-effectiveness). The latter can be derived from the effectiveness assessed in terms of all the direct and indirect costs involved. This normally should be conducted by an auditor or accountant on a regular if infrequent basis. Alternatively, these data can be derived from a well-planned administrative data set.
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General Recommendations
The assessment should be aimed at evaluating the rehabilitation service provision of the agency overall rather than a specific clinician or client. Two alternatives are available to administrators wishing to generate agencywide outcome data. First, they can distribute a standardized questionnaire in the mail. In this case, the time frame for data collection should be controlled. An interval of 3 to 6 mo after the rehabilitation program was completed seems reasonable. Second, they can request each clinician to obtain outcome data on all or a random sample of his/her own clients. In this case, simplicity of administration together with the premise that the test(s) do not add markedly to the session time, is essential to ensure that the outcome measure is appropriately administered by all services and not just by academic departments and those with a research interest.
Whichever alternative is selected, the key to success of such a measure lies in its amenability to quantification and accumulation of data across clients.
Illustration/Example
If it is determined that each clinician will secure outcome data on all clients and these will then be accumulated, a personalized self-report scale based on the COSI (Dillon & Ginis, 1997) such as described under Goal 1 could be used. This would have the advantage that it is clearly relevant to the patient's needs and takes little time to complete over and above activities routine for the treatment program. Dillon et al. (1999) further indicated that it is broadly acceptable to a wide range of hearing health-care professionals, and that it related well to a pool of outcome measures in the Australian population (this comparison does, however, need to be repeated in other countries).
Use of a personalized outcome measure has the disadvantage of being less clearly quantifiable. However, suggestions for quantifying the COSI have been provided by Dillon et al. (1999) and could be adapted for this use.
The outcome measure should include at least three and preferably five areas, defined at the beginning of the intervention, for which the client is seeking help. Each is then assessed at the last session both in terms of degree of change (on a 5-point scale) and in terms of final ability (again on a 5-point scale). The mean result for each topic is then calculated for both change and final ability. 
Further Considerations and Other Opinions
The illustration used here relies on collection of outcome data in the clinical context. As noted above, Goal 2 can also be addressed using post-treatment mailings. In this case it would be necessary to make use of a http://ovidsp.tx.ovid.com/sp-3.12.0b/ovidweb.cgi 5/12
standardized inventory to secure the data.
Any assessments comparing different hearing services will need to take into account the case mix seen in the particular department. The case-mix will cover factors including the age range, severity and duration of hearing impairment, gender and ethnic balance, social class, education level, and whether a first-time or returning client.
In addition, records should note the type of referrals seen whether primary, secondary or tertiary referrals. These entail, respectively, self-referral, referral from a primary physician (general practitioner), or referral from another Audiology department for specialist assessment and/or intervention. This information will be helpful in targeting future marketing efforts.
Goal 3: To Assess the Effectiveness of New Hearing Aid Technologies
This outcome measurement task must identify characteristics of outcome self-assessment tools that would be relevant in the context of a clinical trial of a novel hearing aid technology. It is assumed that small-scale laboratory studies have demonstrated the efficacy of the new "treatment." The purpose of the clinical trial is to determine whether the laboratory findings are sustained under real-world conditions. This involves a new study using a larger number of subjects who are representative of the intended target population who might use the new strategy. It also involves device use in field conditions with diverse acoustical characteristics, as well as the use of subjective rating scales as outcome measures. The null hypothesis is that there is no treatment effect, namely that the new technology is not superior to the comparison condition. The experimental hypothesis is that the new hearing aid is superior by at least a minimum amount, the minimum treatment effect size.
General Recommendations
Because the emphasis in this sort of goal is assessment of the effectiveness of a technical device, a standardized rather than client-oriented form of inquiry is required. This enables a test of the device with particular reference to the conditions in which the device is claimed to offer advantages. The objective is to be able to detect the minimum treatment effect when it is genuinely present with a probability (statistical power) typically set to at least 0.80. In selecting a self-report outcome measure, the simplest course is to try to identify an existing standardized device that is suitable to the task. To achieve acceptable levels of validity, reliability and responsiveness (see Hyde, 2000) , the following attributes are likely to be necessary.
Content Domain Relevancy:
The self-report scale should include a subscale that targets the key issue postulated to differentiate the treatment conditions, for example, understanding speech in noise. The more relevant the subscale's content in relation to the question motivating the trial, the better the reliability and sensitivity to treatment effects are likely to be.
Appropriate Difficulty: The scale also should be appropriate for the trial context and population in the level of listening difficulty represented in the test items The key point is to aim for realism in the situations represented by test items. Another aspect of difficulty is the reading level required to interpret properly the instructions and the item content. Reading level should not be more demanding than that needed to understand popular newspapers or magazines.
Item Applicability: For useful measurement in this type of trial context, it is important that each subject perceives all or most of the test items as both relevant to the underlying problem and applicable personally (face validity). The item non-response frequency should be low.
Secondary Coverage: It is desirable that the outcome measurement device addresses important secondary areas that could influence the further development and application of the primary treatment. Possible examples are issues such as loudness discomfort and sound quality.
Illustration/Example
Assume that the new technology is postulated to improve ability to understand speech in noisy environments. An example of a self-assessment device that seems well-suited for the clinical trial, based on the considerations outlined above, is the Shortened Hearing Aid Performance Inventory for the Elderly, or SHAPIE (Dillon, 1994; Walden, Demorest, & Hepler, 1984) . Although not the only scale that might be considered, the SHAPIE possesses many of the desirable attributes noted earlier. The development and validation work for the SHAPIE focused on item refinement and selection to increase content relevance for elderly subjects, to achieve a broad range of scores over subjects, high internal consistency, simplicity of factor structure and high test-retest reliability.
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The SHAPIE exists in 25-item and 40-item forms, each item using a 5-point ordinal scale to rate aid helpfulness in a variety of situations. It focuses on hearing speech in general, with a subscale on hearing in competing conditions. For the 25-item form, the 95% Critical Difference between two administrations in the individual subject is 0.55 scale points when subjects are preselected to include only those for whom most of the SHAPIE items are relevant. A difference outside this range is interpreted as evidence of a real difference in scores. The number of subjects needed can be determined based on the published data for the SHAPIE. If we assume that the smallest interesting effect size is 0.2 scale intervals, 17 subjects per group will be needed to provide a power of 0.8 for the clinical trial. To further optimize the design of the trial, one could select subjects whose major problem was hearing speech in competing noise. However, this would compromise, to some extent, the generalizability of the trial results.
Further Considerations and Other Opinions
This illustration has been deliberately simplified to emphasize the issues that must be considered when it is desired to collect data to support a particular claim. In real world applications of these concepts it is important to keep in mind that there might be other dimensions or domains within which the benefits or detriments of the new technology might be evident. For example, improving ability to understand speech in noisy environments can have manifestations (including demerits) in speech identification abilities, ease of listening, sound quality, and spatiality effects. In other words, there may be advantages and disadvantages from a particular hearing aid processing strategy that might lie in unexpected and unpredictable domains. This is a strong argument in favor of designing clinical trials to be as comprehensive as possible in terms of the dimensions assessed.
Goal 4: To Evaluate the Effectiveness of Hearing Rehabilitation Services on Quality of Life
A quality of life measure (more strictly speaking, a health-related quality of life measure-elsewhere referred to as functional health status) is, by definition, generic in nature and refers to no particular disease or condition, or no particular intervention for that disease or condition. Thus, this application of self-report outcome measurement will often be used to compare the effectiveness and cost-effectiveness of auditory rehabilitation, including amplification provision, with other interventions for other conditions.
The purposes for which one might wish to compare effectiveness and cost-effectiveness across rather than within conditions and interventions reside at the policy level where resource-allocation decisions are made. These policy decisions are not taken at frequent intervals but, rather, are made by appropriate funding agencies when reviews of resource allocation are made. Thus, the information would not necessarily be gathered on a routine basis on all patients or clients processed by a particular facility. Therefore, the measures do not necessarily have to be compatible with routine clinical practice on all patients or clients.
General Recommendations
A formal cost-utility analysis requires a "health utility" scale (Torrance, 1986; Torrance & Feeny, 1989) , and integration and discounting across time allows us to derive measures of Quality Adjusted Life Years. Although there are many measures that purport to access health-related quality of life or functional health status (Bess, 2000) , few are demonstrably appropriate for this particular purpose. Probably the two preeminent ones are the Short Form Health Survey SF36 (Brazier, Usherwood, Harper, & Thomas, 1998; Ware & Sherbourne, 1992) and the Health Utilities Index (Torrance, 1986) . However, each of these measures has limitations for our particular application.
M ost scales of health-related quality of life were constructed, either with severe life-threatening disease in mind, or to load relatively heavily on aspects of physical and motor function. This is particularly true of the SF36, which contains very few items with the potential to be influenced by the psychological, social, and emotional consequences of sensory deficits.
The Health Utilities Index does load to some extent on the psychosocial consequences of auditory deficits.
However, there are significant concerns about the accuracy of the weightings used to transform questionnaire responses to overall utility scales. These are derived from assessments of various health states made by individuals who may not have actually experienced the health states that they are asked to evaluate. This is particularly problematic in the hearing disability and handicap domain, because the consequences of communication deficits are largely unrecognized by individuals who have not experienced them. For example, it is commonly accepted by normally hearing and normally sighted individuals that visual deficits are "more damaging" than auditory deficits. This can be illustrated using an example from the Health Utilities Index. The utility of a respondent's health state is derived by mapping responses on the questionnaire onto particular levels on eight dimensions. An algorithm then converts the value into a utility. These mapping rules combine limitations in vision, hearing and speech production into a single value of a "sensation" attribute. The rules place a respondent at Level 4 on the sensation attribute if they are at Level 6 of the vision attribute, irrespective of the degree of hearing disability. This scoring method implies that vision problems are much more damaging than hearing problems to quality of life. By this http://ovidsp.tx.ovid.com/sp-3.12.0b/ovidweb.cgi 7/12 reasoning, being totally deaf and totally blind is no worse than being totally blind and having perfect hearing. This result is counter-intuitive.
The low occurrence of items that have the potential to be affected by communication deficits, combined with the under-estimated impact of such deficits on health status, leads to a deficiency in the overall appropriateness of both the SF36 and the Health Utilities Index for assessing the effectiveness of audiological rehabilitation. This is particularly true of the SF36, and may well account for some of the early negative findings cited by Bess (2000) . Research is urgently needed in collaboration with the Health Services Research and Health Economic communities to address the issues associated with both item content and item weighting. Such concerns affect not only the audiological community, but also other groups within health-care provision whose conditions and interventions are inappropriately represented within current utility scales. This research priority requires collaboration across disciplines if it is going to carry appropriate weight and achieve acceptance by the policy-making processes within the different health-care systems.
Illustration/Example
An appropriate target population and setting includes all adults whose management of hearing disability and handicap involves provision of personal amplification and other auditory rehabilitation and who are physically and mentally capable of self-completion of a questionnaire.
Research collaboration is critical to develop a measure to determine the utility and cost-utility of audiological interventions. In the meantime, we suggest that the SF-36 is not appropriate for that purpose. The Health Utilities Index, despite its drawbacks in construction and validation, would be the current instrument of choice, given its established use and acceptance in the associated arena of cochlear implantation (Summerfield & M arshall, 1995) .
Further Considerations
Those concerned with selecting outcome measures should note that it would be quite inappropriate to select a generic health-related quality of life measure to compare the clinical effectiveness of different auditory rehabilitation options. This is due to the inevitable sacrifice of sensitivity that is associated with generic rather than condition-specific instruments. Comparison of different auditory rehabilitation regimes would be most appropriately served by condition-specific measures that specifically tap into the domains of auditory disability (activity limitation) and handicap (participation restriction).
Research Needs In Outcome Measurement
At the conclusion of the Workshop, a list of research needs was generated and then prioritized using a rating method. The top 10 research priorities are presented below, with a brief discussion of the first five.
1. Explore the relationship between expectations and outcome, especially including satisfaction. The relationship between prefitting expectations and post-treatment outcomes of hearing aid fitting intrigues clinicians because of the potential implications for treatment decisions. Some investigations exploring this relationship have been reported (e.g., Brooks & Hallam, 1998; Cox & Alexander, 2000; Schum, 1999) but much more remains to be done. Further, we should keep in mind that cultural differences and differing health-care systems in different countries might affect the relationship. Thus, the relationship between expectations and motivations in the UK National Health Service might be different from that in a private-led environment such as the United States.
2. Determine the relationship of COSI to other outcome measures in multiple countries. In the paper by Dillon and Ginis (1997) , in which COSI was first described, a strong relationship was found between COSI and an aggregate of other outcome measures. COSI has two further advantages: It is client oriented, and it is brief. These qualities have been seen to encourage compliance in its completion by a wide range of audiological departments (Dillon & So, 2000) . They also encourage clinicians to think in terms of what is relevant for the specific client. However, because it is a nonstandardized measure, its face validity, together with its generality in comparing different departments, may be questioned by some in Public Health M edicine in other countries. To explore this matter, there is a need for further studies within other centers, to compare COSI outcomes with other widely used and perhaps standardized measures. This will help to determine whether the conclusions from Australia can be generalized to other sociomedical systems.
3. Delineate the effects of extra-audiological factors in outcome measurement. As reviewed by Kricos (2000) , some evidence about the effects of personality, gender, etc., on outcomes has been reported. Nevertheless, a clear and parsimonious statement about the extra-audiological determinants of outcome and their relative contributions to the effectiveness of treatments has yet to be offered by the research community in a package that can be utilized at the clinical level. Knowing what these factors are is also crucial to risk-adjustment of outcome findings for performance indicators and other quality comparisons.
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4. Determine the generic components of quality of life that are affected by a hearing problem. Few research data exist to delineate the ways in which, and dimensions on which, hearing impairment impinges on quality of life of individuals and quality of life within families and SOs. Though varying with individual circumstances, hearing loss would be expected to have its greatest impact on the quality of family life, the quality of the social world beyond the family (friends, acquaintances, others), the quality of work and/or community life, and various dimensions of personal efficacy. Given the competition among services for limited health-care resources, it is imperative for our field to develop a more detailed and sensitive understanding of these issues. This type of data will not only facilitate more effective rehabilitation strategies, but also promote development of more accurate quantification of utilities of auditory deficits.
5. Develop a client-oriented instrument that specifically evaluates both disability and handicap. In patientgenerated questionnaires such as the problem questionnaire (Barcham & Stephens, 1980) , and COSI (Dillon & Ginis, 1997), complaints relating to Participation Restriction (handicap) are relatively rarely listed compared with those related to Activity Limitation (disability) (Dillon et al., 1999; Stephens, Jones, & Gianopolus, 2000) . Nevertheless, there is some evidence to suggest that it is questions of participation restriction that encourage an individual to seek help at a clinic (to a greater extent than activity limitations). It can thus be argued that to obtain a fully appropriate client-centered outcome measure, efforts should be made to use a wording that will specifically elicit a Participation Restriction element. The goals of the research would be: to devise a suitable wording, to quantify the degree to which it elicits rehabilitation needs related to Participation Restriction, and to evaluate the validity of the new measure relative to existing measures. Some preliminary ideas regarding suitable wording were outlined within Goal 1 of this paper.
6. Study comorbidity in the elderly hearing impaired and impact on condition-specific handicap (participation restriction) and quality of life.
7. Study postintervention long-term time course of disability (activity limitation) and handicap (participation restriction).
8. Gather utility values in hearing impairment using standard-gamble and time-trade techniques for a variety of populations.
9. Derive a system of classifying different types of hearing aid benefit and indications for measurement of each type.
10. Explore the relationships among functional outcomes and satisfaction (with outcome, process, care and overall).
A "Universal" Outcome Measure
Although many investigations collect outcome data, it is often difficult to pool data across studies because of protocol and instrument differences. Further, as pointed out by Arlinger (2000) , outcome questionnaires may be sensitive to a variety of factors related to the cultural and social environment, making international comparisons suspect. Thus, the potential increases in power that can be derived by aggregating data across time and place cannot often be realized. This is especially unfortunate in our field because audiological rehabilitation research is frequently limited to small subject groups, and self-report outcome measures are not highly sensitive instruments.
Thus, it is often difficult to arrive at unequivocal answers to research questions due to limits of statistical power. Recognizing this limitation, workshop participants endorsed, in principle, the goal of devising a minimal set of core outcome items that would be sufficiently general to apply to many different types of investigations carried out in different countries in the world. We have optimistically called these the International Outcome Items for Hearing Aids (IOI-HA). This core set of items is not intended to replace the outcome measure(s) selected as optimal for any particular study. Instead, it is intended to function as a useful addendum to existing measures in a research context. There might also be potential for the set to function as a standalone tool for quality assessment. We encourage the addition of these core items to the set of outcome measures utilized in any investigation of audiological rehabilitation using hearing aids. In the future, data on these items from various studies can be pooled in meta-analyses or compared across health-care models, countries, processing types, etc.
Psychometric techniques used in selecting and refining the items included: cueing the question intent, where possible, in the response options (even at the cost of slight awkwardness); identifying a concrete time window for reflection (if the time frame of 2 wk is too short for a given study, the time window might need to be modified in that case); wording the question as directly as possible in relation to the intended construct; and minimizing reversal.
Efforts were made to avoid substantial duplication of items from popular instruments, and the number of items was pared down so that the burden of including them in a study design would minimized. An important and continuing concern is the level of intellectual and verbal sophistication required to respond to the items. In North America, a Grade 4 reading level is a common design maximum, and this set goes beyond that, despite efforts of the contributors. Another major concern was the need to formulate the questions in a way that would make them equally applicable in any country and cultural-social environment where they might be used. Future http://ovidsp.tx.ovid.com/sp-3.12.0b/ovidweb.cgi 9/12 developments of the IOI-HA will include translation in to other languages. Efforts are already underway to translate the items into Dutch, Spanish and Swedish. However, the translation process will not be trivial and it remains to be seen whether translations can be accomplished that retain the same nuances as the English items.
The items of the IOI-HA appear in the Appendix. They are practically oriented. They comprise a mini-profile more than a scale. The psychometric characteristics of the set are unknown at this time but several workshop participants will contribute to data on this topic. It is hoped that by calibration on well-defined test populations across the range of hearing loss and age in different countries, the IOI-HA will eventually prove to be a valuable addition in this field.
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